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s. g^g° ojtHEH m?-J^X^ HIOjs|^0|| &m ^9.^., °lb]E\2i m?l±X[D{ £H(off)i! dHHI XI^AIZI 
S M0I9AH Ef^XI- 2t£| ±mO\B 2°JI mO\z= Ql CHI H =5101 eJbHEj H^-I^X^ X]| 

CHal^^r m?-l^:XPh 2H1 OH ^5H=r X|£A|Z}o^ ^D|o}- 0 |. oi WE pj. SXil S 01 

u, ^ uichsj^ 2i^^«Ei Mo\&m.m mo\&xio\\ °ij\^oi sum ^mMd\^ mm 
±x\&, mm±x\2\ xiicH&xhCHi hi 1 xhs:ok hi 1 xhsoii ggs 210 hi 2 xisa. hi 1 xn 

t^Oil 2^9 HI 1 ^?UI±Xh2f, HI 2 XmOH ^0IAH2h Eh?^Xh2| HIOiE+XhSl- 

^SiAjoj gJ& AfOIOII HI 2 ^?jxl±Xh2h e@!Ai£f H^-I^XhSj EJ^B AhOI CHI HI 3 

X\±Xt, 3d|H ^0] AH Oil ^M^. EF?-l4:X^ gJ^BXKM HI 4 ^xl^XhM 5^6^01 

301 ^S^^AH , Hf^X^ HICHBXKbase)2f ^ BXKemi tter ) AhOI Oil D\^8\^ dWQ\ME\2\ 
§226fi m^JU !^£!A|3|H^, eeHSJ HlOiU^Oll b\o\0\ WZ\±X\2\ £!2H(turn off) A| 

xi^Aieioi mch^^ sap* aia. 

£9 

^HHAlEi, ^0!AH, Eh?-I^XK OJWEI 
_£#.2r 

£ 2EHM HlOISfe oi WE1 gj^oj ojgng £A|§[ 

£ 2^ 2JtflEJ nf?-j^XFM HI0I6^ 31^3 2" u^oj £A |ol- 

£ 3^ £JtHE{ E^-I^Xf2J ^eSJ^OilAH g^offe = *|2J Xl^^^g £A|^ HH*£. 

£ 42f £ 5fe °JtHEI HfSI^XhS HI 018^ £C^ gBH°J £A|§h sl^£. 

£ 6^ IGBTM 0|g§[ ojtHEi Eh?-|^Xh°l HlOiU^S £A|§> md\2\ SJ^£. 

£ 7HI £ 8^ ^ i^gOII 2|» HICHSJ^^J £A|^ s|^£. 

£ 9^ ^ ^S2J HIOiU^M EAIff SIS£. 

£SSJ ^Q^^Oil CHel- }|^g 

TR1 : HI 1 ^¥Uf^Xh TR2 : HI 2 ^^jxl^XF 

TR3 : HI 3 ±?\x\±X\ TR4 : HI 4 ^xl^Xf 

R1 : HI 1 Xim R2 : HI 2 X^m 

R3: HI 3 fl» C1 : ^SIAH 
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msoi ^of{= j/£ % j mow mEHJiik 

& tag eitHEH wesson a» 32s, ^ai m?-i±xFg ?gapi 91 e* eiuia ^sasoii mm 33 
01 p. 

2JtHEH ?§U^b 2^Sx|g =?m?i\D\ 9\& ±9\x\ U^AH, ^61 S^lSxISJ S*W|9|fc 

asom. s is eae ^appi eibHEi ;?sa^2i sjbiim £ai§* 21010. 

ejtflEi ^SfflSfe °dP2S £ 1011 £A|£ SOI 6F¥H^4:»^ ^££ICH 

m^ttsj- swmsi^xp* mcn^. @s(tum on)a @25(turn off )m emstoi =?m&m.m m^m 

O. ei bH EH ^U^OilAH ?§<yt:f SEI SE^, ¥81011 2i^£jOi £8 SE^, ?6H SSfA|3lfe 

2010. 

eibHEH ^eU^Oil gx|@ 2}2|oj m^^sg HlOi^mOil D}£f zpggfeai. £ 2B 01 a & ^ 

nf^i^^M ?§5fb Ji^ei ssoio. 

±5\x\di se^joi wiot^EfxhCHi hich£]^:>i- episie, iif?-i±xpi- ^e^ioi m^-i^^sj chi 

0|Ei&Xf2| §*]EiE+XfM e5H HQ. 3am, £ 2011 £A|B Hf?-l±Xf^ £ 3011 £A|S 

aoi ^e^^oi bp ma- s A |oi| s^5jo § sswxi sra Aizieei- xi^sjch 3 01 

Sfc HilO|^BXh2|- OilDIEIE+Xh MOIOil 3|£96^ 31 EHAI Ei D[ §2S^I CEH^OI CI. 

ses, ^?ixpi- xF&goi uiioi±e»oii eimge ^sssoi nf^i^x^ s^b 

^B6h01 IttSI^XfSl 01iaiEiBXf2} S^iEIEfXFM gSH &¥&t ^MXI ST 3HI 9D. 33 U. 01 S?£ ? 

ese^oi xtBii eAioii mm±x[j\ e^shxi afe 201 oma. £ 3011 sais an ^01 

^§°J XI^AIZf sou nHH4:»2| §»0| S^CHiia. 3 Ol^fe bHI 01 ^ Ef OilOIEIBXI A\0\0\\ D\™ 

mt: ^uHAiEioii t2^i saoi ysisjb ai chi msm ai»oi naapi im^oio. 

01 EH, ^eS^S) ei^hOfl (Ife E^?-j^Xf£J =^01 X|££|£r ojtHEHM ^SAPIfe Q|0||^ g g 

SOI 2iM DH¥ BO. 330. ?§a^2J xf&CHI [If 3 IIfS|±Xf2| S»OI i&i OH Oil g^6f^ 

xieAi&s nf?-i^x^ §»oi ai^b oh chi »«6fe xi^aizioii u\m go. cp-^ah , n^o^ n^^xf 

}f ?§H01 mm±X\2] g(on), 2H(off) 3PPf SOfXIE, £ 1 0il SEAI9 °JbHEi ^SfflSSI 
?-I^Xh2f e^E^-J^XPI- ^AlOil §jS( tU rn on)£l^ 3?^ ^ eibHH ^^^I^OIIAH ^¥ 

EF?-J^Xh£f 6^Ef?-J^XPl- =A|CHI 0^£J2, 3 ojtHEH ^eU^Oil 9\m B^ott: ¥6P|- ^3 

^f ao. 

Oia» °X1IM SXI6PI ?1^0j £ 4011 £A|3 5131- aoi H^-J^XP^ @SH(turn off )^ an 

oil diioi^&xf£f oiiQiEH&xf aoi aiaehoi ej^^^ sj^^f Hiehaoi ho. mxi^, £ 4°j £ 

22] U^CHI hliahCM »«^»2| =7^0\\ HflS 2^01 UH CH ^iSofH^, Hl^^a a^^l»S| 3^Ph 
£ 5^ ojbHErl ^^fiJ^Oil 2iOiAH, D\& BtO\ Afg£i^ ^BjJM EAI& 20ID. £ 5SI ei tH EH =? 

ni¥-j^xf°j wioiabxpi- m 1 ^sxm(Ri)oii s^a^, n^-i^x^ ^eaoi n^-i^x^ oimiEi&xfsi 

BSIEIBH-B mm B^Dl liO. 3 £13, Ef?-I^Xf£J tHIOI^&XPF XII 2 ^^XiS(R2)0ll 2^£JS, Hf 
?-I^XU= xf&SIOi Ef¥-I^Xf£J OIIDIEIBX^ B^IEIBXfM g6H ^^£1 1BSO. 

01 01. HI 1 ^XHtm HI 2 ^SXHSSO XI&S^M ^F5! ^Xlo^, Ilf^l^XPI- 5Eg^ IDI 

Oil gJ£J6^ ^mOiaa&(spike voltage)0l MOi^CI. 3 01^^ ^HfOIB 2^0| bilOI^BX^ 
^ AF0I2I XH»0|| ^d|Bil6PI [EH ^ OICI. 

3£|3, HI 2 ?S»»OI HI 1 ?S»»MQ XH»»OI WIOI^BXhSf OIIDIEIBJF A^OIOil 

5^ 3HEHAIEHM BB^>|| &3A|^iCI. 

0| SJ CHI £ 6 Oil £A|@ 5131 ^01 IGBTM M&& g^f!" ^ttB ^ielO. £ 60il £A|& sj^^ 

Hh?-J^Xf2J WIOI^BXKHI m0|(high)2| ^ = <M^^^ oi^^£j e> H | t ^gXj^(R1)§ g^H IGBT^f £19 

a. 3di3, ii[?-]^x^ wioi^Bxfoii ^^(iow)^ =?m^}^j[ 2±d\&&, hi 4 ^p^xiS(R4)« eahoi 

fcfil0|^BXh2f Oil 01 E| B» AIOIOII ^1^6^ ^HHAIEiS SSAI&a. 01 OH. HI 4 ^SMS(R4)2| XHSat 

^ y^ii hi 1 ^exi§HRi)£j xm h ^^ a^ii ^§moi ^eioib mo\n, igbt ^, m$\±xi 

D\ &2°(turn off )^ CH°] XIHAI&S e£iO. 



^#§[ b^2f ^01 eeH^J ojyiEi m¥-J^^°J miOI^BXhOII XH&2I XI&&B ^§2^ 

Mi, H^-I^XPh ^ CH2] XOAI^B M0I3 Hh^-I^Xf^h eg § HH2| ^EfO|3 

a. 

3£iLf , 0ia§»- Ef?-l±Xf£| e^(turn on) 21B[0\ W$\±X\ AfOIOil ^^013 2 

^oi ^aafoi W¥\±x\£\ ^soi ^hism opitr 210. 

^ Oia§[ ^HI§S ojj^oPI ?i§[ 32^, Hf^-j^Xf^F 2M(off)l HH2| XI^AI^B MOJ^Ai 

nf?-i^xf 2is\ ^moiB a^B ti ^ ejbHEi ^esi^M his 6^ qi chi 3 =^01 hci. 
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A| gtastfe XIBAias mo\±z 330I ^soio. 

& &soii °ib eitHEj msi^xisi xjioisi^ xiioi^jsM eim^oh swi seAi3i^ nh?-i^xh2i, nf 

^X>2| XllOI&XhOII XJI 1 XII 1 XI 80II SgS XII 2 XiS2h, XII 1 XI & Oil *]g^ 

Hh?-l£Xh2] JHI CH &XhCHI XII 1 xl^Xh2f, XII 2 XI80II 3S£ = 2iAH 

2f, Hh?-l±Xh2J XII0iBXh2} ^0!AH°J AhOIOII XII 2 ^?lxl£Xh2h, AH2| Hh?-I^Xh2| 

B AhOI Oil 2^3 XII 3 ^flXl^n. 3 d|H ^S!A-i01l gl^ S^EjH Hh?-l4:X>2l gJ^&XKMI ^19 XII 
4 ^xl^XhM 5ES8K)I ^EJCH 2iCK £ 9^ S 2)B oj tH EH m9-\±X[9\ XilCHU^M 

9.^. EAIB SISSOICK 

IIh?-l4:Xh^ 2J^^Ei XilOi£Jl>M XIIOiBXhOII QjJh^Oh E|AI!ia. 

XII 1 XI&KRO& Hh?-J^Xh2| XilCH E+XhCHI 2^S|CH 2|*2| B&m H^SteCK 3EIIQ, XII 2 XI»(R2)8 
XII 1 XiS(R1)0|| SIS 2§EJOi 21^21 21J\^^0. 

xii 1 ^^xi^xktrd^ xii 1 73 s (ri) oil b^eih xiioiE+xhoii si§ b^eich xiioi 

BXh^ 2J3hElb: 2^2| &!^01¥M XHOiBCh. XII 1 ^Xl^XKTROm £SEJB, XII 1 XIS(R1)0II 9J:>h 

a aaoi W9\±x\°\ xhche+xfoii e!^@a. 

^0JAH(C1)^ XII 2 XI»(R2)0II ^IS B^EIOj XII 2 H»(R2)0|| 2J8H £!^&g &<=*x\7)\ 

XI SSSa. SEB, S@!Ai(C1)fe &}^ k XII 1 ^?UI^Xh(TR1):>h xh&EJOj fl^SVEl S&OI SJ^SXI 
&20, 0^(turn on)& XII 2 ^?l xl ^Xh(TR2)2h XII 4 ^?lx|^XKTR4)M S6KX Hh?-|^Xh2j XilCH&Xh 

21 ^j^exi Ami oil sjs&s ^oi^a. n W9i±i\j\ as^tturn off) aizim ^^i 
2oid. 

01 OH, XII 1 ^¥IX|^XKTR1)2f XII 2 X| ^Xf(TR2)^ AHS IH^^o^ ^ngQ, m 3] f M 2 ^ 
xl^XKTR2)fe 5§^§£|S OI^CHXI^ SOI dh^*i5hCh. 

XII 2 >i¥|xl^Xh(TR2)i= HH?-|4:XhS| XIIOiBXhEJ- e@JAH(C1)2J gJEf AhOI Oil £§E|CH 5g!Ai(C1)£| gfS 

oil oj6H 22m nf¥-i^x^2i xiicHE+xf^ ei:?hBCK ^ai , xii 2 ^¥|xi^xktr2)i= ^gyAisi 

^ = (-)0il 2^£jH Xii 4 ^¥|x|4:Xh(TR4)^ ^0]AH£| Oil 2^3^ SOI d^SjohCK 

seb. xii 4 ^^ixi^xKTR4)fe sbiahcdoii 2i£jn m-^xhsi gj^exhoii b^eich 

^@1AH(C1)0||AH Eh?-l^Xh2] gJsjBXFOII ojJhBa. 3 Eh^4:Xh2| X||0iBXh2f gj^j 

bxi- Ahoioii 2* sag s#:>h m^a. 

0I2HB XII 1 ^?lxl;±:XKTR1)2h XII 3 ^¥|X|^XKTR3) Xii 4 ^X|^XKTR4)^ M^iXI^EHS Ol^Oi 
XI ^ SOI WBSISm. 3£|H f Xii 4 ±?\X\±mTM)9\ gJ^&Xf2|- geiAH(C1)2J EIB AfOI Oil XII 3 XI 
&(R3)0| ^J^o^ CH ^x|£jcH ^P^a ^oi CH^ 1CI. XII 3 XI^(R3)0| ^W4^m Wm±Ib°\ 
e^^Cturn of f )AIZ>0| "jrasp. 

e ^soii 2i§[ ojtHEi D>^j4,xf°j xjiofsi^fe aeni ^oi §^tia. 

eixi, £ 7oii £ai@ suf ^ K oi xii 1 ^xi^xktri):h sesoi xii 1 hs(rds mm xii 
o\bx[ m, m$\^&x\±E\2\ xiioiexFoii 2^01 ei^aa. nf?^xp^ ei^qi. ^aioii, xii 2 

M»(R2)» S6H e@iAH(C1)0|| S^OI §28a. S@IAi(C1)0ll S&OI g^l xl (threshold) Ol^o^ sa 

Ei2, yis^ xii 3 ^¥Ixi^xktr3)m mm m^±xm\ sw^f s^^ii @a. 

^, XII 1 » XII 3 M^XI^&(Tr1)(Tr3)S MAI Oil ¥8[0\ ?§S^g Xii 1 X)»(R1)S goH Ef?-l ^XhHj 

tHioi^oii ^ mo\±imm ziJim^^M m^E\ ^ chi oi a &oii &nm m_^.D\\ o, oitm xii 

2 XHg(R2), =@|Ai(C1) f XII 3 MgH XI^Ei (Tr3)M SB 2^ l^EIHS ^^l e 01 AH (CD Oil 2 
aoi §2@CI. 

^ ^ h S2J XilOillS^ £ 5011 £Al@ eeH2J Xi|0iSJS2|- 1T0I Ef?-|^X^ XilOiBXfOII XI&, ^ 

xii 1 xh»(ri)2| ^mm^^m asa(overvoitaoe)« i^ 1 ^ ap. xii 1 xi soi m^m as&oi 
ecH^ch nam xii 2 xi»(r2)oii 2jan e@iAH(ci)2j saAiaoi ilea. 

3£|H, £ 8CHI 5EAI3 S3f aoi eitMEi Ef?-I^XFM @2H(turn off) §?, Xii 2 ^¥lxl^XKTR2) 

sesjoi xii 1 xi»(RDa nf?-i^x^2j xiioi&xh mo\di xf&eih e@!Ai{ci)2i ^&oi s^sjs, Eh 

?-I^Xh^ e^M(turn off)E|Oi Ef^l^XFS S6H oS@ ^^^h xh&aa. m\H SAICHi ge!Ai(C1)2J 
m?-I^Xh2| XIIOiBXPh ^^E|H XII 4 ^?lxl^XKTR4)M mm ^E!!AH(C1)2j EIE+3f Eh?-I^Xh2j 
^J^&Xh^h 2!^E|Oi Ef?|^Xh2| XII0i&Xh2f ^J^&Xh AhOIOII ^^Ct . OI OH, Eh?-I^Xh2| XIIOI& 

xh2f gj^E+xh Ahoioii ^i^yah^ 3hhh ai a oil m&o\ essa ch^ mjh^^i &£!@ch. n oi^^ 

^l^ ^DHAIEISI g^&Oil ^@!Ai(C1)0ll 2JB «2^0I 2J^h£JOi »S!0| CH^ SftSHXPI HH^OICh. 

^, ^>0| XII 2 a XII 4 ^^XI^EH(Tr2)(Tr4)M gAIOII B 6h&, ^eiAi(C1)0ll §29 S^OI W9A 

^xh mioi^&oii ohoiu^(-) aaoi, oiioiei^oii §a^(+) asoi ei^htioi wioi^, onQiEteoii «a 

^Oi^^ ^3l^h ^^EICH m 2H ElgJM 4^ Si^ll 

5EB. £ 9011 £AI@ Oh 21 SJS^ *JXII , XII 2 M^XI^E|2J 3B[gE 5||^0| C[E M 

^Xj^E|2h ^£h 5§ ^1^1 AheahOI, 01 ^MdH^ 0h0|g2| 2J^g>0h ^§01 ^h^6h 

Ch. 

eiXH, Eh?-I^Xh ^§A| Xii 1 MSlX|^EI(Tr1)M SHAI3IH, XII 3 M^XI^EI (Tr3)0ll^ 2 ai^M 
6h2, ?§2^8 XII 1 XHS(R1)M >ixH Eh?-l4rXh WIOI^BOII bllOl^ S^OI 2J^hEICH, XII 2 XiS(R2)M 
S8H ^&|AH(C1)0il S#^h §aaci. 

B^. IIh?-l4:Xh SHAIOil^ XII 1 ^^XI^EH(Trl) ^ XII 4 m& XI ^Ei (Tr4)s^ B tt^L, XII 3 M&iXI^ 
Ei(Tr3)^ 25^12, SS9iMaiO||^ S 6ifg op^^ av^j s@iAi(C1)2| Mdi^( + ) XII 3 Xi 
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S(R3) S HI 4 M^HXI^EH(Tr4)M OIIDIEIBOII, DhOIU^(-) H&8 S^^g^M §6H Eh?-J^X|- 

mioi^eoii ei^aES, m?^x^ mioi^, chi di eh &chi ^2 2m soi^fe m.Mm s«aiejo. 



W3°l MM 

s assi hioih^{= *Jxis ^eiAHM oisskm nf?-i^xf°j HioiBxisa £I^bxi- moioii 31am 

^DJiAIElM llfrejl aaA|3|°S. g£H2J HlOlsl^Oil d|»« nHN£»2| @SH(turn off) A| Stt9 
fc XIHAISOI MCHE^ S3 3 1- 81 CK a}2MH , Il^^^XI-^h Hfraju gZM&OlSE BWEiOUH °JA§(arm 
short )M S»AI3lfe 2B0I &XISHS, 2J tH EH o}g^o^ m.HD[ SIP. 3HI O^h E^-j^Xj- 

3 HOienoil HSS a 1 X|«»a ^mOI3 &8K spike voltage)B Ms 4* SI 

Oi »9I±»2| 4, ate sUf^l- ?JLQ. 



(57) g& 

m=?& 1 

eibHEHOII Mx\& Wm±Xm MO\B\±= asoil/d. 

a^s^a mo\&mm mo\&x\q\\ ei^soi- sum ESAi^it? hhri^xk 

Eh?.j^x^ a 01 e »oii b^sch a^°i a&s ei:nste hi 1 hs. 
£M a^a es^awi ^sh £>oi hi 1 xisoii B^a^r hi 2 »», 
£M nf?-i^x r a Hioi&soii si^ ^sacH &oi hichbx^ ei^st a^a bi^gi^s Hicnapi ^ 

m &D\ HI 1 xi » Oil £^£JI=r HI 1 ^xl^XK 

hi 1 nets e§H &j\ m^±xi°\ mo\±o\\ m&o\ ej:>raB ^01 hi 2 hs©s^ei e!^»s 2 
em ^sa s^hwxi saas^i $\m hi 2 xisqii B^a*= ^eoah , 

mm±x[2\ HioiBxha m\ ^suna ijb ai-oi chi B^acn hd\ b&imowm aaaoi &oi xhich 

BX^ B^fl^ &&2\ oj^oj^i XHCHShfe HI 2 ^xl^XK 

^QOAHa e^OI &££IB £P| HI 2 XH80II aSH BI>ri±fe S^S £0| Ef?-I^Xr°J ^J^BOil 2J 
6PI ?|8H £UI s@iA) * &}| m?-|±X r a °J a B Ah 0 1 Oil B^ai= HI 3 ^?jxl^XF, 3£|H 

£>0| ^2) AH Oil AH gfSS S&S &3I Wt¥\±X\9\ a»B»0|| 21J[6[J\ ¥ioH ^Ol ^0] AH Oil ^^B^£IH 
Wm±X\2\ gJ^BXK>l| B^£li= HI 4 ^^xl^X^M 5&6rOi ojtHEi Ef?-j^X^ HIOIH 



^^S 3 

HI 1 S01I 9lO\M, HI 2 ^?lxl^X^ SS3iS2H^ 0l¥O1& 5!M 5^ BWEI m?-|^X r £l HI 
6 

HI 1 SOil SlOj AH , HI 4 ^¥Jxl°l 2J^B5I &OI e@!AH2J EfB AI-OI CHI HI 3 XI SOI ^^o^ q H 

^xi£ioi 5§ ^s^^ eibiEi EF?-i±Xr£i fliwas. 
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S01 




£02 



ON I 



-± 



O OFF 
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Power Device Turn On Time Turn-Off Time 



ON 



-O OFF 
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